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SUMMARY

The effects of humidity during fabrlc conditloning and during
febrication upon some physical propertles of laminetes prepared with
glass-fabric, Fiberglas 181-114, and an unsaturated-polyester resin,
Leminac 4126, were investigated.

Relative humidity during fabric conditioning and during febrication
was varied from about 4 to 95 percent. Molding pressures were 0.7 and
2.0 psi. The molding temperature recommended by the manufacturer was
220° to 250° F. Preliminsry experiments showed the following to be the
best times for the temperatures used: For 250° F, 2 hours; for 220° F,
3 hours; and for 160° F, 48 hours.

Tests on these laminstes included the measurement of flexural
strength on the diagonal, both dry and after T deys' immersion in water,
specific gravity, resin content, percentage of voids, and total light
transmission. Some data were glso taken on lengthwise flexurel strength.

The effects of humidity during fabrication on flexural strength,
both wet and dry, and on specific gravity, percentage of voids, and light
transmission were pronounced when moldlng temperstures of 220° and 250C F
were used. At a molding temperature of 16_00 F these effects were
negligible.

An incresse in the humidity during fabrication decreased the flex-
ural strength, the resin content, the specific gravity, and the light
transmission and increased the percentage of volds in laminates molded
at 220° and 250° F. For example, when the relative humidity wae increased
from sbout 5 to 50 percent during resin coating, the flexural strengths,
lengthwise and diagonsl and wet or dry, decr:aased sbout 15 to 20 percent
for laminates made using the 220° F cure and about 35 to 40 percent for
the 250° F cure.
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Differences in the properties of laminates made of fabric which was
dried over silica gel and those made of fabric which was oven-dried were
negligible.

A relstionship was shown to exist between flexural strength and the
percentage of voilds, and between the percentage of volds and light
transmiseion. : ) o o

INTRODUCTION

The use by the alrcraft industry of glass-fabric polyester laminates
for semistructural parts such as radomes maskes it desirable to attain
good quality control of this material. To achleve this, it 1s necessary
to have some knowledge of the effects of the fabrication vaeriables on the
Physlcal properties of this type of laminste. To obtaln such informstion,
this inveatigation was conducted at the National Bureau of Standards
under the sponsorship and with the financlal assistance of the National
Advisory Committee for Aeronsutics. The varisbles studied in the two
previous phases of this investlgation Included molding condltions and
f&brig finishes, and the results were reported previously (references 1
and 2).

In the course of these experiments considerable varistions in the
properties of similarly febricated samples were 1n evidence. It was
suspected that some of these differences in properties could be partislly
attributed to variations in humidity during the febrication of these
laminates. Accordingly, a group of experiments was made to determine
the effects, 1f any, of humidity during fabrication and during fabric
conditioning on the physical properties of one glass-fgbric polyester
laminate. This report summarizes the results of these experiments.

The assistance of Mr. John Mandel, who made the statistical analysis
of the results, 1s greatly spprecilated.

MATERTATLS

The glass fabric selected for this investigation was Fiberglas
181-114, an eight-shaft harness-weave fabric, with a water-repellent
methacrylic chrome complex finish (reference 3). Fiberglas 181 is
ldentical to the one used in earlier phases of this investigatlon
(references 1 and 2) and was selected on the basis of the manufacturer's
recommendation. The choice of Finish 1l was based both on the manu-
facturer's recommendation and on results obtained in the second phase of
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this investigation (reference 2), which dealt with the effects of febric
finishes on some physical properties of glass-febric polyester laminates.

The resin, Laminac 4126, was selected on the basis of comparative
data obtained on several polyester laminates by investigators at The
Johns Hopkins University (reference 4). Further investigations with
Bakelite resin XRS-81, which was used in the previous phases of this work,
were gbandoned because of the discontinuance of its production.

The catalyst was benzoyl peroxide, ILuperco ATC in paste form. This
paste catalyst consists of 50 percent peroxide in tricresyl phosphste.

The cellophane used as & release agent was Sylphrap No. 600 P-1-L.

DEFINITIONS

Flexural strength S: For a beam of rectangular crose section subjected
to a concentrated load at midspan:

g =3 FL
2 ba2
where
P maximum load )
L span or distance between supports
b width of beam
d depth of beam

Resin conbent: Amount by weight of resin in laminsate.

Percentage of volds: Estimated volume of volds V, in a specimen

expressed in percent of the messured volume Vg of the specimen:-:

Vy=Vg - V'
where
Vg volume of specimen obtained by welghing in water end in air



v.' volume of specimen calculeted on assumption of no veolds and
usling measured weight of resin and of glass fabric in spec-
imen and known values for density of glass febric and resin

Percent light transmission: Ratlo of total emount of light transmitted
by a flat specimen to amount of light incldent normal to specimen
expressed as percent.

PROCEDURES AND EQUIPMENT

Fabrication of Laminates

Preparation of glass fabric.- The fabric was cut into pleces
6.5 inches equare. To keep the fibers of the fabric from unweaving
during the lmpregnation process, the edges of each plece of fabric were
coated with starch.

Conditioning of glass fabric.- The fabric used in the experiments
to determine sultable molding cycles wae dried in an air-clrculating
oven for one hour at 275° F.

In that portion of this lnvestigation directed at studying the
effects of humidity durlng febricatlon, the fabric conditioning included
the following trestments: (a) Drying in an oven for 1 hour at 275° F,
the same as was done in the molding-cycle experiments, (b) drying over
silica gel for a period of not less than 7 days, and (c) conditioning
at 95- to 100-percent relative humidity for a period of 16 to 24 hours.

Preparstion of resin.- The resin, Laminac 4126, was mixed with
2 percent benzoyl peroxide, Luperco ATC, in batches of 400 to 500 grems.
The mixture of resln and catalyst was stirred for a period of 20 minutes
with an electrically powered propeller-type stirrer. To minimize the
escape of the more volatile components of the resin, the mlxing Jjar was
covered almost completely during stirring.

Impregnation of fabric with resin.- The fabric was impregnated with
resin by running 1t through a pailr of hand-operated squeeze rollers
which were kept coated wlth resin. BEach square of fabric was run between
the rollers as many tilmes as was required for the febric to lose 1its
opacity. Uniform translucency of the febric was consldered to be the
criterion of sufficlent impregnation. -All resin costing was done in
e controlled-humldity chamber which 1s described later.

Panel assembly.- A small amount of resin was spplied to a flat
plece of cellophene. The seven squares of resin-Iimpregnated fabric were
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laid up successively on this area. A smsll amount of additional resin
wag applied between plies both to Insure an adequate ampunt of resin and
to minimize entrapped ailr. Another plece of cellophane was placed over
the top of the laminate. Air pockets were eliminated by running e spatula
over the surface of the cellophane. This entire procedure was carrled
out in the controlled humidity chamber. A1l pleces of fabric were placed
in the humidity chamber sbout 15 minutes before the resin coating process
was begun. Complete assembly of the panels was accomplished in about

10 additional minutes.

After taking the cellophane-wrepped assembly out of this chamber,
the ends of the cellophane sheets, which extended beyond the limits of
the laminate, were folded over and held in place with paper clips. The
lay-up was placed between prehested glass plates and the assembly placed
in a laminating press or a circulating-air oven, depending upon the
molding cycle used. (See molding conditions.)

Controlled-humidity chamber.- The controlled-humldity chamber was a
cabinet approximately 6 by 2%'by 2 feet. The front of the chamber was
equipped with a sliding door with two armholes to which were attached
some flexible vinyl-plastic sleeves to serve as a molsture barrier. The
flexibility of the sleeves allowed the operator sufficient freedom of
movement to perform the necessary operatlions. Rubber gloves were worn
by the operator to prevent the atmosphere in the laminating chamber from
picking up molsture from his hands and arms.

Low relative humidity, 4 to .10 percent, was maintained in the chamber
by recirculating the air over trays of silica gel. For 45- to 50-percent
relative humidity, the trays were filled with a salt solution of quarto-
hydrate calcium nitrate Ca(N03)2.4320. For 95- to 100-percent relative

humidity the treys were filled with water. The sllics gel was changed

at least once every 8 hours of operation. After several hours of expo-
sure to resin vaepors, the silica gel lost a great deal of its desiccating
efficiency. The efficiency of the gel could not be restored by heating.
To attain high humidities it was necessary to use hot water initislly in
the trays. Once the atmosphere in the chamber attained the high humidity,
the maintainance of this condition was not difficult.

Bumidity was measured with a pair of wet and dry bulb thermometers
inserted inkto the chamber through an opening in the side. The thermom-
eters were placed directly over the exhaust end of the blower system.

To allow the operator to observe the preparation of the laminate,
the humidity chanber was equipped with a glass top, had & small glass
table inside, and a window in the bottom with a light below.
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Molding and humidity conditions.- To determine sulteble molding
cycles, duplicate panels were molded at 265° F for 1 hour, at 250° F for :
and 3 hours, at 220° F for 1.5, 3, and 6 hours, at 160° F for 2k y
and ﬂ8 hours, and at 160° F for 48 hours, with an additional cure at
250° F for 2 hours. The fabric used in making these panels was oven-
dried for a period of 1 hour at 275° F and the resin coating was done
at e humidity of L to 8 percent. On the basis of flexural-strength dsata,
three molding cycles were selected as suitable. These were 160° F for
48 hours, 220° F for 3 hours, and 250° F for 2 hours. To determine the
effects of humidity during fabrication on this type of laminate, panels
were molded at these three molding cycles and at five different conditions
of humidity. These conditions of humidity were as follows:

In condition A, the fabric was oven-dried for a period of 1 hour
at 275° F and was resin-coated at a low humidity, 4 to 8 percent.

In condition B, the febric was dried over silica gel for at least
1 week before belng coated with resin. In this condition, the fabric
was coated with resin at the same low humidity as that in condition A.

In condition C, the fabric was conditioned over silica gel as in
condition B. The coating of the fabric with resin was done at h5— to »
50-percent relative humidity.

In condition D, the fabric was conditioned over silica gel as in -
conditions B and C. The coating of the fabric with resin was done at
95~ to 100-percent relative humidity.

In condition E, the fabric was condltioned at 95- to 100-percent
relative humidity for a period of 16 to 2% hours. The coating of the
fabric with reegin was also done at 95- to 100-percent relative humidity.

Triplicate panels were fabricated under each combination of molding
cycle and humidity conditions B, C, D, and E. Only single panels vere
fgbricated at condition A and the three molding cycles, eince duplicate
panels had already been made at these combinations of conditions in
determining suitable molding cycles. The pressure used in molding all
these panels was 0.7 psi.

Duplicate or triplicate panels were also fabriceted at a pressure
of 2 pei for conditions A and B at the three molding cycles, and for
conditione D and E at a molding cycle of 220° F for 3 hours.

QOperation of molding apparatus.- The press used was a 10-ton hand-
operated Carver laminsting press, Model No. 126, equipped with steam- -
heated platens and a steam-pressure control valve to regulate the tem-~
perature. Temperatures were checked with a mercury thermometer placed
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in & well in one platen and were maintained to ¥1° C. The welight of the
moveble platen of the press was sufficient to give the desired pressure
of 0.7 pei. TFor pressures of 2 psi, an additional U8-pound weight was
used. The press was used for moldings at 220° and 250° F.

‘ For moldings at 160° F a circulating-air oven was used. Dead welghts
were used to provide the desired pressures of 0.7 and 2.0 psi.
Testing of the Laminates
Conditioning of specimens prior to testing.- All specimens were

conditioned for a minimum of T days at & temperature of T7° F and
50-percent relative humidity prior to testing.

Flexure tests.- The flexure specimens were cut to a length of 2 to
2.5 inches, depending on the thickness of the leminate. These specimens
were machined by dry grinding to & width of 0.500 % 0.005 inch. The
thickness was that of the laminate which varied between 0.08 and 0.10
inch. Thicknesses were measured to +0.0002 ineh.

The tests were made on two Baldwin-Southwark universal hydraulic
testing machines of the fluid-support Bourdon-tube type. The machines,
which had capacities of 2400 and 60,000 pounds, respectively,’ each had
a 240-pound lowest range; the range was accurate to within 1 percent at
the loads encountered and was used for all tests. Each machine was
located in a room comtrolled et 77° F and 50-percent relative humidity.

A variable-span flexure jig wes used for testing the specimen as a
slmple beam loaded at midspan. The contact edges of the supports and the
pressure plece were rounded to a radius of 1/32 of an inch. In testing,
the span-depth ratio was set at 16 to 1 with the span controlled to
10.001 inch. The speed of testing was in accordance with the formula
in Method 1031 of reference 5.

Where duplicate panels were made, 12 specimens oriented in the
450 disgonal direction were taken from each panel. Helf of them were
tested after conditioning for T days at T7° F and 50-percent relative
humidity and half after 7 days' Iimmersion in water st 77° F. Tests were
made mainly on dlagonally oriented specimens because it was believed that
the flexure properties for this directlion were more sensitive to changes
in molding conditions than for the lengthwise direction.

In cases where a triplicate set of panels was febricated under a
particular combination of varisbles, for one panel six specimens were
cut on the diagonal and six in the lengthwise direction of the febric,
three specimens of each kind being tested dry, that is, after 7 days
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at 77° F and 50-percent relastive humidity, and three wet, that is, after
T days' lmmersion in water.

Specific gravity.- Speclfic gravity was measured on the flexure
specimens by the displacement-of-water technique according to Method 5011
of reference 5. An anslytical balance was used 1in weighing the specimens
both 1n air and in water.

Resin content.- The resin content was obtained as follows: For the
initiel weight of the specimen, the value cbtained in determining the
specific grevity was used. The specimen, after being tested for flexural
strength, was heated for 2 hours at 800° to 900° F in a muffle furnace
to remove the resin and fabric sizing. After cooling, the residue of
the specimen, that is, the glass febric remeining, was welghed. The
weight of residue was divided by the factor 0.997 to correct for the
slzing removed, the corrected value belng the initlal weight of the glass
fabric in the specimen. The factor 0.997 was obtained by comparing the
welght of a sample of conditioned glaes fabric with the weight of the
same sample after being heated similarly to the specimens. The amount
by weight of resin in the specimen was taken ss the difference between
the initial weight of the specimen and the initial weight of the glass
fabric in the specimen. .

Percentage of voids.- The percentage of voids in a specimen was
determined as follows: The volume Vg of the specimen (see definitions)

was calculated from the weight of the specimen in air and in water,
determined previously (see sectlion on specific gravity). The volume of
resin 1n the specimen was computed using a value of 1.21 for the specific
gravity of the resin. This value was determined experimentally on 10
specimens of pure resin according to Method 5011 of reference 5. The
volume of glass in the specimen was computed from its initial weight and
specific gravity. The value for the specific gravity of the glass was
taken as 2.51.

Light transmission.- Total light transmission wes measured according.
to Method No. 3021 of reference 5.

RESULTS AND DISCUSSION

The data obtained on panels molded at the 10 different molding
cycles used to determine suiltsble curing cycles are shown in table I.
A statistical grouping of the flexursal-strength data of table I is shown
in teble II.
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The results of tests obtalned on panels made at the flve different
humidity conditions and molded at three molding cycles are shown in
tables IIT, IV, and V. Grouping of these data according to statistically
significant differences in flexural and other properties ig shown in
tables VI, VII, and VIIT.

Effects of Molding Cycle

The statistical analysis of the flexural-strength data, (tables I
and II) on panels molded at 10 different combinations of time and tem-
perature indicates that panels molded for 2 hours at 250° F, for 3 hours
at 220° F, and for 48 hours at 160° F had equal or higher dry strengths
than panels molded for shorter and longer perilods of time at these tem-
peratures. Accordlngly these cure cycles were selected for the subse-
quent experiments on the effecte of humidity during fabrication.

It is noted that panels molded at 265° F for 1 hour were signifi-
cantly lower in strength than panels molded at any of the other nine
molding conditions. Laminates molded at 160° F for 48 hours with an
additional cure of 2 hours at 250° F did not differ significantly in
strength (table II) from those molded &t 160° F for 48 hours with no
additional cure.

Data on the other properties of these laminates (table I) reveal
no differences in values which would affect the selection of the molding
cycles to be used for the study of the effects of humidity.

Values of other properties of panels molded at the three cycles
selected as suitable are incorporated lnto tables III, IV, and V. Dis-
cussion of these properties of the panels is included in the effects of
humidity on each of the various properties.

Effects of Humidity During Febrication

Tebles III to VIII and flgures 1 to 9 show data on laminates molded
at the three molding cycles and fabricated at the five different condi-
tions of humidity.

Effects of humidity on dry flexural strength.- Table III and
figure 1 show the dry diesgonal flexural strength of laminates fabricated
at these five different condltions of humidity and molded at ‘the three
different curing cycles. Tgble VI shows the statistlcal grouping of the
data.

The essence of the flexural-strength results, as shown by this
table and by figure 1, is as follows: Varylng the reletive humidity
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during conditioning and resin coating hes no significant effect on the
dry strength of panels cured at 160° F for 48 hours but has a marked
effect on the strength of laminates cured at the recommended temperatures,
220° to 250° F. Thus as the relative humidity during resin coating is
increased, the flexural strength 1s much reduced with the reduction
greater for 250° than for 220° F cure. : :

The magnitudes of these changes for laminates made at 0.7 psi are
as follows:

For the two low humidity conditions A and B, the dry flexural
strengths, about 24,500 psl, do not differ significantly at 220° and
250° F but are slightly, although significantly, less than 27,500 psi,
the value for the 160° F, 48-hour cure.l For the moderate condition C,
in which the relative humidity was 50 percent during resin coating, the
resulting flexurel strengthes for the 220° and 250° F cures, 20,500 and
17,000 psi, respectively, are already appreciably as well as significantly
lower than the values for resin coating in dry air (A and B).

For cures at 220° and 250° F at the times selected, the effect of
resln coating at 95-percent relative humidity as in conditions D and E
is the reductlion of the strength to average values of sbout 14,000 and
11,000 psi, respectively. It should be noted that the beneficial effect
of drying the fabric over silica gel in condition D is practically nul-
lified by the high humidity during resin coating since for conditions D
and E at the 220° and 250° F cures the strengths were reduced to nearly
the same level. :

Since conditions A and B are quite similar and also D and E, 1t was
decided to analyze statistically data for a pressure of 0.7 psi for the
above conditions; the results of this analysis are shown in table VII.
This table shows that for each molding cycle panels fabricated at
condition A are not significantly different in strength from panels
molded at condition B.

Table VII also shows that panels molded at condition D do not differ
slgnificantly in strength from panels molded at condition E, at 250° and
160° F. Panels made at condition D are shown to have a significantly
higher strength than those made at condition E, at 220° F. There is
little, if any, logical explenation for this apparent anomely, so it must
be ascrlbed to chance fluctuations.

11t 1s interesting to note that in previous work (reference 1) with
a dlfferent polyester resin, the highest strengths were obtained with a
similer long cure at 160° F in contrest with cures at the recommended
temperatures which were much higher.
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It is interesting to note that the dry flexural strengths for panels
prepared at all humidity conditions and cured at 160° F for 48 hours were
significantly higher (at the 99.9 percent level of confidence) than their
values for other cures with any humidity condition.

Effects of humidity on wet disgonal flexural strength.- Table ITT
shows the strength of laminates molded at the different comditions of
humidity and temperature, tested wet after 7 days' immersion in water.

A comparison of figures 1 and 2 shows that the trends for the dif-
ferent humidity conditions of wet strength as the molding temperature is
increased are very simillar to those for dry disgonal flexural strength.
Likewlse, the statistical grouping of the wet-strength data is similer
to that for dry diegonsl flexural strength. As before at the 160° F cure
there is little effect from varying the humidity during fabrication,
whereas for the 220° and 250° F cures the strength diminishes with
increasing humidity.

The diagonsl flexurel strength of panels molded at O.7-psi pressure
ranged as follows:

(1) For a molding temperature of 250° F from T200 psi at condition D
to 17,900 psi in panels made at condition A

(2) For a molding temperature of 220° F from 8900 pel in panels made
at condition E to 17,100 psi in penels made at condition A

(3) For a molding temperature of 160° F from 17,500 psi in panels
mede st condition D to 19,900 psi in penels made at condition A



12

NACA RM 51C21

To summarize the effects of varyling the humidity during resin

coating on the dry and wet diagonal flexural strengths, these properties
for conditions B, C, and D may be expressed in percent of the value at

condition B ag follows:

Condition and relative humidity during coating
Cure B, 5-percent | C, 50-percent | D, 95-percent
temperature | Condition relative relative relative
(oF) when humidity humidity humidity
tested
Flexural strength
(percent of strength at condition B)
250 Dry 100 66 Lo
Wet 100 65 4o
220 Dry 100 85 6k
Wet 100 83 55
160 Dry 100 96 93
Wet 100 103 95

Effects of humidity on flexursl strength, lengthwise.- Flexural
strength lengthwise (table IV} was affected by humidity during febri-
cation in the same manner as wae the flexural strength on the disgonal.

The values for lengthwise gtrength varied from 1%,900 psi in panels
made at condition E and molded at 250° F to 45,000 psi in panels made at
condition A and molded at 160° F at the same pressure.

Wet flexural strength lengthwise ranged from 10,200 pail 1n panels
made at condition D and molded at 2500 F to 34,800 psi in panels made
at conditlion B and molded at the same temperature.

Effects of humidity on percent loses in strength due to water
immersion.- The percent losgs in dlagonal flexural strength due to water
immersion i1s given in tables III and VI. It ranged from 25.k4 percent
for panels made at condition E and molded at 250° F to 40.6 percent in
panels made at condition D and molded at 220° F.

The data show conglderable scatter and no definite conclusions
regarding any definite trends eppear Justified. An exception to this
general statement occurred for panels molded at comdition D at 220° F.
Panels molded at this condition and temperature show a LO-percent loss in
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strength which is much higher then in panels made at any of the other
conditions. Two panels molded at 2.0 psi exhiblited simllar high losses.
The reason for this apparent anomaly is not clear, especially since panels
fabricated at condition E, s somewhat simllar conditlon, displayed no
unduly high percent loss of strength due to water immersion.

Effects of humidity on specific gravity.-. For & molding pressure of
0.7 psi the specific gravity (tables V and VIII, fig. 3) varied from
1.32 in panels made at condition D and molded at 250° F to 1.66 in panels
made at condition E and molded at 160° F

The most significant differencee occurred in panels fabricated at
conditions E, D, and C at temperastures of 250° and 220° F. Panels molded
at these temperatures at conditions A and B, and those molded at 160° F
at all five bhumidity conditions showed no significant differences 1in
speclific gravity.

Effects of humidity on resin content.- The resin contents of panels
made at the different humidities and molding cycles are shown in
tables V and VIIT and figure 4. The resin content varied from 31.1 per-
cent in panels made at condition E and molded at 250° F to 46.0 percent
in panels made at condition A and molded at 160° F.

The influence of humidity on resin content is least for cures at
160° F and greatest for cures at 2500 F. Thus, while the general trend
for each cure tempersture 1s a decrease in resin content as the humidity
during fabrication is increased, for cures at 160° F the resin-content
values, except for condition B, did not differ significantly from one
another (teble VIII). For cures at 250° F, however, the resin contents
for conditions A, B, C, D, and E were successively lower in thet order
and significantly so.

Effects of humidity on voids.- Data on volds are glven In tables V
and VIII and figure 5. The effect of humidity during febrication on the
voids content 1s somevhat similar to that for resin content. Thus, the
influence of humldity 1s least for cures st 160° F and greatest for cures
at 250° F. The general trend for each cure temperature is an increase in
volds content as the humldilty during febrication is increased. However,
as Indiceted in table VIIT, for cures at 160° F the velues for volds
content for conditions A to E do not differ significantly, the range
being -0.2 to 1.2 percen:b.2 For panels molded at 250° F the voids

2The reason for obtaining a negative volds content in some panels
is that this calculation 1s based on the specific gravity of the resin
as obtalined commercially. However, in molding the panels at a temperature
of 160° F some of the styrene monomer is lost before the resin is fully
cured. Since the styrene 1s the low-density component of the copolymer,
a decrease 1in the styrene content of the resin will result in a copolymer
of higher density than that of the original resin, as received from the
manufacturer.
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contents ranged from sbout 1.6 percent for conditions A and B to

25.7 percent for condition D. It is noted that the values for the voids
content of the panels molded at 220° and 250° F with humidity conditions
A and B were 2 percent or less and did not differ significantly from the
corresponding data for panels molded at 16Q° F.

Panels molded at 250° F had & slgnificantly higher wvoids content
than those molded at 220° F for the higher mmidity conditions C, D, end
E; for the low humidity conditions the voids valuee for the panels molded
at 220° and 250° F did not differ mignificantly.

Effects of humidity on light transmission.- Date on light trans-
mission of panels made at the various humidity conditions and temperatures
are shown in tebles V and VIII and figure 6. For panels molded at 0.7 psl
the light transmission increased from 1 percent in panels made at condi-
tion D and molded st 250o F to 50 percent in panels made at condition A
and molded at 160° F.

Light-transmission data were gathered in the belief that the degree
of translucency of a panel was an indicatlon of the intimacy of the
resin~fabric bond.

Panels made at all conditions of humidity except E, and molded at
160° F, had the hilghéest degree of translucency. ILight transmission for
these panels ranged from 35 to 50 percent. Panels molded at condition E, -
at this temperature, had a light transmission of 14 percent.

Panels molded st 220° and 250° F ranged in light transmission from
1 to 15 pércent, depending upon the humidity conditions at which they
were febricated. It is noted that for the low humidity conditions A
and B, and curees at both 220° and 250° F, the light-transmission values
did not differ significantly.

Relationships between Properties

Relationship of wet to dry strength.- The relationship of wet to
dry dlagonsl. flexursl strength 1s 1llustrated in figure 7. Since this
appears almost as a straight line, i1t can be concluded that the wet
strength of a panel 1s directly dependent upon its dry strength. Depar-
tures from the straight line may be explained by the fact that wet- and
dry-strength deta must be obtalned on two different specimens and hence
the ratio of the two strengths 1s somewhat influenced by specimen-to-
specimen variability of the results. It should not be inferred that
laminates made with different glass fabric, fabric finish, or resin would .
necessarily show this same relationship between dry and wet strength.
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Relationship between voids content and flexural strength.- The
flexural strength of a glass-fabric laminate bonded with Laminac 4126
1s definitely related to its volds content. The strength increases as
the amount of voilds is decreased. This relationship is illustrated in
figure 8. The existence of such a relationship emphasizes the neceseity
of quantitative measurement of voids in thils type of laminste, and the
need for developing leminating techniques which reduce the amount of
voids to a minimum.

Relationship of light transmission to volds.- It has been remarked
in the section on the effects of humidity on light transmission, that
this property is belleved to be & measure of the intimacy of the resin
glass-Tiber bond. Since in some respects volds are also a measure of
this property, 1t could be expected that a relationship exists between
the light transmission and the amount of voids in the laminate. This
relationship is shown in figure 9.

STATTSTICAL ANATYSIS

The flexural-strength data in table ITI were initially treated by
"Analysis of Variance." The presence of consldersble interaction between
relative humidity and molding temperature shown by these analyses made
a different method of analysis more desirsble. The procedure, which was
applied to all the data in the table, 1s based on ranking of the data for
each property such as dry flexural strength, according to increasing
values of this property for the various molding conditions. It was then
tentatively assumed thet all averages belonged to the same statistical
population. Subsequently this hypothesis was abandoned whenever the
differences between successive averages exceeded what might be expected
on the basis of chance. As a result of this treatment separations in
the series of averages were made on two different levels of confidence,
namely, 99.9 and 99 percent. A double line in the table, corresponding
to a 99.9-percent level of confidence, indicates a relatively high degree
of certainty that the separated values belong to different populations.

A single line, corresponding to a 99-percent confidence level, indicates
a felirly definite separation. A more detailed discussion of this statis-
tical grouping procedure3 is given In the gppendix.

It must be recognized that any grouping procedure will occasionslly
result in erroneous grouping. Thus, in the case of two different but
overlaspping populations, it will occasionally happen that an observetion
belonging to the lower populstion will equsl or even exceed an opservation

3The procedure, developed by Mr. John Mandel of the Nationzal Bureau
of Standards, has not yet been published.
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belonging to the higher population. On the other hand there 1s the risk
of erroneously separating observatlons which actually belong to the same
population, but which by chance effects differed more than one would
expect. This latter risk, known as the "level of significance", is equal,
in the procedure here adopted, to 0.1 and 1 percent for cuts made at the
99.9 and 99 percent levels, respectively.

It will be noted that the application of this procedure occasionally
leads to apparently paradoxical situations, namely, when a difference
occurring in the central region of a sequence 1s considered significant,
while an even larger difference near the beginning or the end of the
sequence is not considered significent. This 1s due to the fact that in
e homogeneous set of observations the middle ones are, on the average,
spaced closer than those occurring near the ends. The paradox can be
resolved by observing that the problem considered here is not to aeparate
pairs of values, but rather to separate all values into homogeneous
groups.

CONCLUSIONS

This investigation has definitely esteblished that several physical
properties of glass-fabric laminates made of Fiberglas 181-114 and bonded
with an unesturated polyester resin, Leminac 4126, are affected by humid-
ity during fabrication if molding is done &t the recommended temperatures
of 220° to 250° F. It has also been established that these effects of
humidity are decreased and almost completely eliminated if molding tem-
peratures of 160° F are employed.

Specifically, these effects can be summarized as follows:

1. At molding temperstures of 220° and 250° F an increese in humidity
during fabrication and during fabric conditioning affects the finlshed
laminate as follows:

a. Decreasee its flexural strength, both wet and dry, with a
greater effect at 250° F then at 220° F. Thus, for laminates molded
at 220° F with a relative humidity during febrication of 50 percent,
the flexural strength is 15 to 20 percent less than that for lami-
nates made at S5-percent relative humidity; at 95-percent relstive
humidity the flexural strength is 40 to 50 percent less.

b. Decreases its specific gravity.

c. Decreases its resin content.
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d. Increases its volds content.
e, Decreases ite light transmission.

2. At a molding temperature of 160° F, an increase in humidity
during fabrication and febric conditioning produces little or no effect
on the properties of the laminate.

This investigation has slso esteblished the existence of a relstion-
ghip between the percentage of voids and the flexursl strength of this
type of glass-febric polyester laminate. This emphasizes the need for
producing vold~free laminstes.

It has also been shown that the light-transmission properties of a
laminate sre related to the percentage of volds. From this relationship
it appears that the measurement of this optical property in certain types
of laminstes may be useful in determining thelr soundness and as a meas-
urement for quality control.

Netlonal Bureau of Standards
Washington, D. C., October 9, 1950
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APPENDIX
STATISTICAIL: GROUPING

In order to use the grouplng procedure employed in this study it
1s necessary to know the standard deviation of the individual values in
the sequence. REach value listed in the tables 1s an average of the values
for a triplicate set of panels. Each triplicate set of values yields
information on the variabllity of panel averages. By pooling thie infor-
mation for the various sets of triplicetes a more rellable estimate of
this veriebllity is obtained. The standard error s, corresponding to

the average of each set of triplicate panels is then easily calculated.
The following are the values of sp for the various properties:

Property 8p

Dry flexural strength ) 0.8 x 103 psi
Wet flexural strength 0.6 x 103 psi
Percent loss in flexural strength 2.24 percent
Resin content 0.7h4 percent
Specific gravity 0.18

Voids 0.83 percent
Light transmission 2.2 percent

The grouping procedure outlined in the section entitled "Statistical
Analysis" was carried out. Whenever a 99.9-percent separation or "cut"
was made the separated values were considered to belong to different
populations and the grouping procedure repeated on the subgroups.

As an additional check on the sbove grouping, an estimate of the
stendard deviatlion corresponding to the averages in a subgroup s,
obtained from the range of the subgroup was compared wlth the standard
error sp. If 8, was found to be significantly larger than s8p at
the 95-percent level of confidence or better, then 1t was considered that
the subgroup was not homogeneous, that 1s, it includes two or more over-
lapping populetions. Such subgroups are ldentified in the table by a
bracket and cross. If for a subgroup 8, was significantly less than
8p at the 95-percent level, as occurred in table II for loss in flexural

strength, the separation was Indlcated as only tentative.
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TARIE I.- EFFECTS OF DIFFERENT MOLDING CYCLES ON PROPERTIES OF FIEERGLAS 181-11h4

TAMINATES BONDED WITH LAMTHAC 4126 RESIN AT 0.7-PSI PRESSURE

Loae In flexural

Resin

Molding cycle Diagonal flexuwral| Diagonal flexmral Jue to content |Bpecific Volds Tdght
strengths dry s‘hrenghhi wet vate rgi sion |(percent by| gravity {percent by|tranemission
Temperature| Time (pol (psi (percert) welght) volume (percent)
(r) | (ur) (a) (a) (+) (c) (c) (c) ()
265 1 20.6 x 103 15.6 x 103 ok.5 I 1.62 1.9 3
= e | 83 173 2.0 oS -3 o
2 . ; . . . .
3 23.1 16.L 28.9 k3.8 1.62 1.6 18
220 1.5 22.0 16.0 27.5 .1 Wy 1.62 .9 12
3 2k.3 17.0 29.6 Lh.6 1.64 5 i
6 oh.5 17.k 29.0 by, 7 1.64 .2 18
160 2h ok.9 18.6 25.5 .3 1.66 -k 52
L8, 27.6 20.1 28.3 45.9 1.63 “.3 50
€160 - 250 |%48 - 2| 2.7 18.6 30.2 45.2 1.6k -.2 38

BData based on results for 12 specimens taken equally from 2 panels.

Ppata based on the aversge results for elx d&ry and eix wei epecimens taken from each of two pansls.

®Data based on results for 2k gpecimens taken equally from 2 panels.

Opats based on eight readinge token equally on two panels,
®Molding cycle of 160° F for 48 hr with an additional curs at 250° F for 2 hr.

é

TSOTS WE VOVN



TABLE IT.- GROUPING OF DIAGONAL-FLEXURAL-STRERGTH DATA OF TABIE I

ACCORDING TO STATISTICATLY SIGNIFICANT DIFFERENCES

[me notations used for statistical grouping in this table are
A single line between values indicates that the
valuer are statistlically different at a level of confidence
between 99 and 99.9 percent.
tentative separation.
indicates that the latter combains overlapping popula.tions.] -

a8 follows:

The symbol

A broken line indicates a
]-x beslde & subgroup

Molding cycle Flezural Molding cycle Flexral Molding cycle {'.z:: n;.:h fizexu:gl
Tempersture| Time Btreng-bhj Ar¥| Pemperature| Time |FtFength, wet Temperature| Time |{water Immersion
(°F) (nr) (pei (°F) (br) (pet) (°F) (br) | (parcent)
265 1 20.6 x 103 265 1 15.6 x 103 265 1 2.5

220 1.5 | 16.0 160 2l 25.5

220 1.5 |22.0 > X 250 3 16 e e e e e ———
220 1.5 27.5
250 3 23,1 f2r=l9] 3 17.0 160 48 28.3
= 250 ) 17.1 250 3 28.9
220 3 oh.3 220 6 17.4 250 -1 29.0
P20 6 2h,5 250 2 29.0
160 2k ok .9 250 1 18.2 220 6 29.0
250 2 25.5 L5l 160 2l 18.6 220 3 29.6
250 1 25.8 8160 - 250 |48 - 2| 18.6 8160 - 250 |48 - 2 30.2

8160 -.250 (848 - 2| 26.7 160 48 20.1
160 148 27.6

- BMolded first at = temperature of 160° F for 48 hr and then at 2 temperature of 250° F for 2 hr.

A

TSOTG W VOVN
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TABLE III.- DIAGONAL-FLEXURAL-STRENGTH PROFERTIES OF FIBERGLAS
181-11% LAMINATES BONTED WITH LAMINAC L1256 RESIN

AT DIFFERENT MOLDING AND HUMIDITY CONDITIONS

Molding conditions H\midity(c?nditions
a
Pressure erature | Time
(psi) °F) (hr) A ] B c D E
Flexursal streng'bh,b dry
(pai)
0.7 250 2 |2b.9 x 103 25.2 x 103 | 16.7 x 103 | 10.6 x 103 | 10.8 x 103
220 3 {23.5 24.0 20.5 15.5k 12.0
160 48 | 26.9 28.2 7.1 26.2 26.4
2.0 250 2 t2k.9 €25, 7 = | emmemmmmee | e | meemmeam
220 3 | 25.0 (=7~ S70 - R [P — c18.0 €13.4
160 48 {28.2 €30.2 | eemcemmmnn | cmmmmmmmee | mmmmeeeea
Flexural a't'.rength,b wet
(psi)
0.7 250 2 {17.9 x103| 17.6 x 103 {11.4 x 103 7.2 x 103 8.0 x 103
220 3 (17.1 16.7 13. 9.2 8.9
160 48 | 19.9 18.5 1.0 17.5 18.3
2.0 250 2 |19.0 €18.2 | emmemeecoe | commmmcceee | mmmeee ———
220 3 |19.3 €18.6 | --mmmmmee- ©10.6 9.k
160 48 | 21.6 ="+ 1 " [P —— I T LT ——
lLoss in flexural strength due to water immersion,d
(percent)
0.7 250 2 28.1 29.9 31.6 31.9 25.4
220 3 26.7 30.4 32.4 40.6 26.2
160 48 5.8 33.9 29.9 32.8 29.9
2.0 250 2 23.8 €29,1 B v .
220 3 22.9 €30.7 ——— €41.3 €30.3
160 k8 23.k €30,k S e I

SThe preconditioning of the fabric and impregnation of the fabric with resin were done
under the following conditions: .

Condition A: Fabric oven-dried at 135° C for at least 2L hr and impregnated et a low
relative humidity, 4 to 8 percent, at room temperature

Condition B: Fsbric dried over silica gel for at least T deys and impregnated at &
low relative humidity, 4t to 8 percent, at room temperature

Condition C: Fabric dried over silica gel for at least T days and impregneted at
45- to 50-percent relative humidity

Condition D: Fabric dried over eilica gel for at least T dsys and impregnated at
95- to 100-percent relative humidity et room temperature

Condition E: Fabric conditioned and impregnated at 95-percent relestive humidity at
room temperature

bpata based on 15 specimens, 12 being teken equally from 2 panels and 3 from the third,
unless otherwise specified.

Cpate based on 12 specimens taken equally fram 2 panels.

dpate based on the average of the three panels from which flexural strength specimens
vere taken, unless otherwise specified.

€pata based on the average of the two panels from which flexural strength specimens

were taken.
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TABLE IV.- LENGTHWISE FIEXURAL-STRENGTE DATA OF FIBERGLAS
181-11% LAMIRATES BORDED WITH LAMINAC 4126 RESIN AT

DIFFERENT MOLDING AND HUMIDITY CONDITIORS

Molding conditions Emidity(cc)mditions
{1
Pressure | Temperature | Time
{psi) (°F) {hr) A B ¢ D E
Flexurel strength,2 dry
psi)
0.7 250 2 | b1.9 x 103 [ k6.5 x 103| 28.7 x 103 | 15.7 x 103| 1%.9 x 103
220 3 | k2.5 k3.9 35.8 23.4% 20.3
160 18 | k5.0 )i3:9 3 }3.9 42.8 hi.7
2.0 250 -3 [ 7% A OV | -
220 I T — 5.1 -— -] ---
160 48 | ecmmmmeeee 17~ 70 'H [V (e
Flexural strength,2 wet
(psi)
0.7 250 2 | 32.1 x 103 | 34.8 x 103| 19.2 x 103| 10.2 x 103| 12.0 x 103
220 3 }32.2 31.7 22.3 15.0 17.2
160 k38 | 33.0 32.6 32.3 30.2 32.9
2.0 250 p- R [N 33.8 | m—mmemmmee
220 LI [ —— 32.5 JE A .
160 T R R 33.6 -— -
Loss in strength due to weter irmersiond
(percent)
0.7 250 2 23.L 25.2 33.1 35.0 19.5
220 3 2h.2 27.8 37-7 35.9 15.3
160 48 26.7 6.6 26.1 29.Lk 21.1
2.0 250 2 —— 26.7 -— — ——
200 3 — 28.0 —— —— ——
160 48 —— 32.0 —— — —

Imhe preconditioning of the fabric and impregnstion of the febric with resin were done
under the following conditions:

-

Condition A: Fabric oven-dried at 135° C for at least 2L hr and impregnated at a low
reletive humidity, It to 8 percent, at room tempersture

Condition B: Fabric dried over silice gel for at least T days and impregreted et a
low relative humidity, 4 to 8 percent, at room tempersture

Condition C: Febric drled over silica gel for at least 7 days and impregnated at
45~ to 50-percent relative humidity

Condition D: Fsgbric dried over silice gel for at least T days and impregnated at
95-. to 10C-percent reletive humidity at room temperature

Condition E: Febric conditioned and impregneted at 95-percent relstive humidity at
room tempereture '

2Date based.on three specimens taken from one panel. )
3pets based on difference of dry and wet sirengths as given in upper portions of

this table.
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TABLE V.- DENSITY AND LIGHT-TRANSMISSION PROPERTIES OF FIBERGLAS
181-11% LAMINATES BONDED WITH LAMINAC 4126 RESIN AT

DIFFERERT MOLDING AND HUMIDITY CORDITTONS

Molding conditions Emidity(conditionl
a}
Pressure Tenperature Time
(pst) ng) (br) A B ] c D E
Bpecific gravityP
0.7 250 2 1.62 1.64 1.50 1.32 144
220 3 1.62 1.62 1.55 1.48 1.50
160 48 1.63 1.6k 1.62 1.65 1.66
2.0 250 2 .6 €1.63 - -
220 3 1.63 CL.6h | eeee- €1.58 €1.60
160 k8 1. €1.67 | —=—mmm | emmmme | -
Resin combentd
(percent by weight)
0.7 250 2 .2 ¢ ko.3 39.7 3h.6 31.1
220 3 45.1 h.1 L1 37.0 3k.2
160 48 46.0 5.1 45.6 3.6 1.7
2.0 250 2 :2.3 g:zg : :
220 3 2.3 3.2 | ~e--- 34k 30.7
160 48 k3.3 Cha.7
VoidsP
(percent by volums)
0.7 250 2 1.3 2.0 2.4 25.7 21.6
220 3 2.0 1.9 5.8 15.2 16.3
160 18 -2 -1 " 6 1.2
2.0 250 2 3.0 €2.0 | mme—— ————
220 3 2.6 €1.2 ———- €11.3 €13.4
160 18 .6 Co B TSP [ —
TIight transmissiond
(percent)
0.7 250 2 1 11 .. 1 1 L
220 3 1% 15 7 T 2
160 48 50 1y ko 35 1k
2.0 250 2 9 €12 - —- -
220 3 10 e19 -- €10 €2
160 i8 4y elg - _—- -

& The preconditioning of the fabric and impregnation of the febric with resin were done under the
following conditions: .

Condition A: Fabric oven-dried at 135° C for at least 24 hr and impregnated at a low relative
humidity, 4 to 8 percent, at room temperature

Condition B: Faebric dried over silica gel for at least T dasys and impregnsted st a low relative
humidfty, 4 to 8 percent, st room temperature

Condition C: Fabric dried over silica gel for at lesst T days and impregnated at 45- to 50-percent
relative humidity

Condition D: Fabric dried over silica gel for at least T days and impregnated at 95- to 100-percent
relative humidity at room temperature

Condition E: Fabric conditioned and impregnated at 95-percent relative humfdity at room temperature

bData based on 36 specimens teken equally from 3 panels, unleas otherwiae speciﬂed.
CData based on 24 specimens taken equally from 2 panels.

dDa'ta based on average of 12 readings teken equslly on 3 panels, uynleeg otherwise specified.
©pata based on average of eight readings teken equally on two panels.
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TABLE VI.- GROUPING ACCORDING TO STATISTICALLY SIGRIFICART DIFFERENCE
OF DIAGONATL-FLEXURAL-STRENGTH DATA OF TABLE III FOR

LAMINATES MOLDED AT O.7-PSI PRESSURE

l_'__I’he notations used for statistical grouping in this table are as
follows: A single line between values indicstes that the values
are statistically different at a level of confidence between
99 and 99.9 percent. A double line indicates thet the values
are statistically different at a level of confidence better than
99.9 percent. The symbol }x beside a subgroup indicates that
the latter containe overlapping poptﬂ.ationsﬁ-o

Flexursl Flexursal Ioss in

Sample gtrength, dry | Sample strength, wet Sample strength

(1) (psi) (1) (psi) (1) | (percent)
DL 10.6 x 103 D1 T.2 x 103 El 25.4
El 10.8 El 8.0 A3 25.8
E2 12.0 B2 8.9 E2 26.2
D2 15.k D2 9.2 AD 26.7
c1 16.7 c1 1. Al 28.1
c2 20.5 c2 13.8 Bl 29.9
A2 23.5 B2 16.7 c3 29.9
B2 2k.0 AD - 7.1 E3 29.9
Al 2k.9 D3 17.5 B2 30.4
B1 25.2 Bl 17.6 cl 31.6
D3 26.2 Al 17.9 Ly DL 31.9
E3 26.4 E3 18.3 ce 32.4
A3 26.9 B3 18.5 D3 32.3
c3 o7.1 c3 19.0 B3 33.9
B3 28.2 A3 19.9 | D2 ko.6

1Alphabetica.l portion of sample designation refers to humldity
condition at which panels were fabricated: A, febric oven-dried at
135° C for at least 24 hr and impregnated at a low relestive humidity,
Lk to 8 percent, at room temperasture; B, febric dried over sllica gel
for at least T days and lmpregnated et & low relative humidity, h %o
8 percent, at room temperature; C, fgbric dried over silica gel for
at least 7 deys and impregneted at k5- to 50-percent relative
humidity; D, fabric dried over silica gel for at least 7 days and
impregnated st 95- to 100-percent relative humidity at room temper-
ature; E, febric conditioned and impregnated at 95-percent relative
humidity et room temperature.

Numericel portion of designation refers to moldlng cycle: 1,
250° F for 2 hr; 2, 220° F for 3 hr; 3, 160° F for 48 hr. __,___,:7
TS NATA
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TABLE VII.- GROUPIRG ACCCRDING TO STATISTICALLY SIGNIFICART DIFFERERCES OF FLEXURAL-STRENGTH DATA
OF TABIE VI FCR PANELS MOIIED AT 0.7-PSI PERSSURE; CONDITIONS A, B, D, AND E, ONLY

[Tne motetions used for statistical grouping in this table ave as follows; A single
line batwesn valuea indicates that the valnes are statisticelly different at a
level. of confldence between 99 and 99.9 percent. A double line indicates that
+the valuer ere statleatic diffarent at a lavel of confidence betiar than
99.9 percert. The mymbol beslde a subgroup indicates thet the latter con-
tains overlappiog populations. |

Flexural Flexural Flexural Flexural

Sampla strength, dry Bample strength, wet Sauple mtrength, dry Sample strength, wet
(1) (ps1 & (pat) (1) (ps1) (2) (pst)
A2 23.5 x 103 BR 16.7 x 103 Nk 10.6 x 103 D1 7.2 x 103
B2 2h.0 Ap 17.1 El 10.8 Bl 8.0
n 2k.9 Bl 17.6 B2 8.9
Bl 5.2 a 17.9 = 12.0 De 9.2
B3 18.5

A3 26.9 -] 15.4 D3 17.5
B3 8.2 A3 19.9 E3 18.3

o3 2.2

E3 26.h

1A1phabeticn.1 portion of memple desigmation refers to mmidity condition at which panels were fsbhricated: A, fabric oven-dried
at 1359 C for at least 24 hr apnd impregnated st & low relative lumidity, 4 to 8 percent, at room tempersture; B, fabric drled over
silica gel for et least 7 days and impregnated at a lov reletive’ humidity, 4 to 8 percent, at room teamperature; ¢, fsbric dried over
silice gel for at least 7 days and Impregnated at 45- to 50-percent relative hmidity; D, fabric dried over silica gal for at least
T dsyp and impregnated at 95- to 100-percent relative humidity at roem tempersture; B, febric conditioned and impregnated ab .
g5-pertent relative humidity at room tempereture.

Kumerical portion of designetion refers %o molding cycle: 1, 250° F for 2 hr; 2, 220° F for 3 hr; 3, 160° F for 43 br.

A
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TARTE VIIT.- GROUFING OF SPECIFIC-QRAVITY, RXIIN-CORTENT, YOIDS, AND LIGET-FRANEMIBRBION DATA

0F YABLE V FOR LANINATES MOLDED AT O.T-PEI FRESEURE ACCORDING TO

BTATIETICALLY BIGNIFICART DIFFERENCES

Em.e potations ueed for statistical grouping in this paper are as follows: A double line
betwesn values indicates that the values mre statisticelly different at a lsvel of

confidence bhetter than 99.9 percent. The

the latter contains overlepping populations.

ol ]-x baside a msubgroup indicates that

Light
sepe | PR L e | Gemwien) | Y | Gy | %80 | i
Dl 1.3 El 1.1 A3 0.2 m 1
K 144 2 3.2 B3 =1 -] 2
ng 1.h8 ml 3.6 c3 & E b
c1 1.70 e 37.0 D3 W] cl h
g 1.% ¢l .7 A2 1.9 D2 T
ez 1.9 <) .7 5 1.2 v 7
Al 1.68 B la.3 vl 1.3 Bl n
R & i = b r 5
03 1.62 B2 b1 cp 5.8 Ej3 1
A3 1.63 Al hh.7 a1 2.5 B2 15
n 1.6% B3 x5,1 r = 15.2 L 3 35
B3 1.64 A2 k5.1 | =] 16.3 c3 ho
13 1.65 3 .6 E 0.6 B3 Moz
&} 1.65 A3 k6.0 Em 5.7 A3 5

1Alphdbat:l.cul portion of sample dasigration refars to hmidity condition at which pansls were fabrricated: A, Tebrils

ove
least 2k hr and impregneted at a low relative hmidity, % to B pervent, =t room tesperature; B, fabric &ried over pilica gel for at least 7 deys and
laast T deys end Inpregnated st
45~ to SO~percemt relative mmddity; D, fzbric dried over silica gel for at least 7 days and imgremneted af 95~ to 100-percent relstive hmidity &t
room temperature; E, fabric conditioned and lmgpregoated ai 99-percant relstive mmidity at room tenperntura.

impregrated at a low relative homidity, & to 8 percant, et room tewperaturs; C, febric drisd over silica gel for at

Fumerical portion of demignation refers to malding cycls: 1, 250° F for 2 hr; 2, 200 ¥ for 3 hn; 3, 160° ¥ for 48 I,

SRR

TeoTS WY VOVH



28 ' NACA RM 51C21

30 x 103

Humidity condition

25

20 |

15

Flexural strength, dry, psi

“!ﬂ‘!""
oL l

|
160 220 250

Cure temperature, °F

Figure 1.~ Effects of cure temperature and humidity during fabrication
on the dry diagonal flexural strength of Fiberglas 181-11% leminates
bonded with ILaminsc 4126 resin. Data are for laminates molded at
0.7T~pai pressure. See footnote a of table III for description of
humidity conditions.



Flexursl strength, wet, psi

ot
N

&

Humidity
condition

| | |

0 160 220 250

Cure temperature, °F

Figure 2,- Effects of cure temperature and humidity during fabrication
on wet diagonal flexural strength of Fiberglas 181-11%4 laminate
bonded with Iaminac 4126 resin. Data are for laminates molded at
0.7~pei pressure. Bee footnote a of table IIT for description of
humidity conditioms,
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30
1.70
Humidity
B condition
‘_4p_-=:::f”'~‘§?‘——_a
0
1.60
b
H1.50
b
a E
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ot
4 1.40
:?.; . \
1.30
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| ! l
1.20 220 250

160
Cure temperature, OF

Flgure 3.~ Effects of cure temperature and humidity during fabrication
on specific gravity of Fiberglas 181-11%4 laminates bonded with
Laminac 4126 resin. Data are for laminates molded at 0.7-psi pres-
sure. See footnote a of table III for description of humidity

conditions.
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Figure 4.~ Effects of cure temperature and humidity during fabrication on
resin content of Fiberglas 181-11L laminates bonded with ILaminac 4126
resin. Data are for laminates molded at 0.T7-psi pressure. See foot-
note a of table IIT for description of humidity conditions.



32

Volds, percent by volume

NACA RM 51c21

24

Humidity

[
R

condition

T

9!

Cure temperature, OF

Figure 5.- Effects of cure temperature and humidity during febrication

on percentage of voids in Fibergles 181-114 laminates bonded with
Leminac 4126 resin. Data are for laminates molded at O.7-pei pres-
gure. See footnote a of table ITI for description of humidity
conditions.
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Figure 6.~ Effects of cure temperature and humidity during fabrlcation
on light transmission of Fiherglas 181-11% laminates bonded with
laminac 4126. Dats are for laminates molded at O.T-psi pressure.
Sea footnote a of teble III for description of humldity condlitions.
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Figure 7.~ Relation between dry and wet diagonal flexural strength for
Fibverglas 181-114 laminates bonded with Laminac 4126 resin at
different molding and humidity conditions. Deta are taken from
table ITT for panhels molded at 0.7-pgi pressure.

e

12016 W VOVN




6 NACA RM 51C21L

35
30 -
O
24
O
as
53
5 0
a ]
2
) CRT O
-l
. S
Molding
temperature
6—— (°F), O
@) 250
O 220
FAN 160 &]8
o 6 ig 18 8¢ 30 x 103

Flexural strength, dry, psi

Figure 8.- Relation between percentage of voids and diagonel flexural
strength for Fiberglas 181-11% laminates bonded with Laminac 4126
_ resin at different molding and humidity conditions. Data are taken
from table III for panels molded at O0.T7T-psi pressure.
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Figure 9.- Relation between voids and light trensmission of Fiberglas
181-114 laminates bonded with Laminac 4126 resin at different

molding and humidity conditions:
for panels molded at 0.T-psl pressure.

Data are taken from table ITI
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